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IMAGE FORMING DEVICE, AND ITS
MANUFACTURING METHOD AND
APPARATUS

TECHNICAL FIELD

The present invention relates to an 1mage forming appa-
ratus applied to a copying machine, a facsimile, a printer and
the like, and more particularly, to an 1mage forming appa-
ratus controlling a toner flying from a toner carrier to a back
surface electrode using toner passing control means con-
trolled 1n response to an 1mage signal, and applying the toner
fo 1mage receiving means positioned between the toner
passing control means and the back surface electrode,
thereby forming 1mages.

BACKGROUND ART

In recent years, with the improvements in the performance
of personal computers and the development of the network
technology, there has been a strong demand for printers or
copiers having processing capability high enough for print-
ing a large amount of documents and also color documents.
However, such 1mage forming apparatuses capable of out-
putting high quality monochrome or color documents at a
satisfactory level and a high processing speed are much in
demand and yet still under development.

As one such technique, an 1mage forming technique
according to so-called “toner jet (registered trademark)”
method 1s known. According to the method, a toner 1s let to
fly onto 1image receiving means such as recording paper and
an 1mage carrying belt by the effect of an electric field for
forming 1mages.

The apparatuses disclosed by Japanese Patent Publication
No. 44-26333, U.S. Pat. No. 3,689,935 (see Japanese Patent
Publication No. 60-20747), and Japanese Patent Republica-
tion No. 9-500842 are known as the image forming appa-
ratuses of this kind. The apparatus disclosed by Japanese
Patent Application No. 10-100780 will be now described 1n
conjunction with FIG. 6 by way of 1llustration.

In FIG. 6, a grounded toner carrier 31 carries and trans-
ports a charged toner, while a restriction blade 32 controls
the toner on the toner carrier 31 1nto one to three layers and
charges the toner. A supply roller 33 supplies the toner to the
toner carrier 31 and charges the toner. Toner passing control
means 34 1s provided with a toner passing hole 35 around
which a control electrode 36 1s provided. A voltage corre-
sponding to an i1mage signal 1s applied to the control
clectrode 36 from a control power supply 37. Reference
numeral 38 denotes a back surface electrode and 39 denotes
a back surface electrode power supply. Reference numeral
40 denotes 1mage recerving means such as recording paper
transported on the back surface electrode 38.

In the above-described structure, as the supply roller 33
and the toner carrier 31 are operated to form an even toner
layer on the toner carrier 31 with the restriction blade 32 and
the toner layer 1s transported, a voltage 1s applied to the back
surface electrode 38. Meanwhile, the 1mage receiving means
40 1s moved, and a voltage corresponding to an 1mage signal
1s applied by the control power supply 37 such as a driving
IC to the control electrode 36 1n synchronization with the
movement, so that the toner on the toner carrier 31 1s
allowed to pass the toner passing hole 35 and fly 1n response
to the 1mage signal and stick on the 1mage receiving means
40. Thus, a desired 1mage 1s formed on the 1image receiving
means 40.

In order to form a fine 1image of 600 dpi (dots per inch) on
the entire surface of the image receiving means 40, for
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example, the toner passing control means 34 must be pro-
vided with the toner passing holes 35 at such a pitch.
Meanwhile, the holes inevitably cannot be arranged 1n a
single row, and therefore as shown in FIG. 8§, the toner
passing holes 35 and the control electrodes 36 are arranged
in a plurality of rows (eight rows in the figure). The toner
passing hole 35 and the control electrode 36 are circular, and
connection electrodes electrically connected to the control
clectrodes 36 are provided to extend on both sides 1n the
moving direction of the toner carrier 31 1n order to prevent
mutual interference, and each connected to a lead i the
driving I1C outputting the control voltage.

Note that 1n FIG. 6, as an example of the constitution, the
image recerving means 40 1s composed of recording paper or
the like, and an 1mage 1s formed directly thereon, while the
recording paper could vary 1n thickness, easily change 1n the
property depending on the humidity, and easily deform
during the transportation. In case of a color printer, the
varying ftransportation of the recording paper makes it
difficult to achieve synchronization in the timing of forming
an 1mage 1n each color, which could cause problems such as
degradation 1n the 1mage quality. Therefore, as disclosed by
Japanese Patent Application No. 10-100780, an intermediate
image carrying belt may preferably be used as the image
receiving means 40 and the image formed on the image
carrying belt may be transferred altogether onto recording

paper 1n Some cases.

The constitution above 1s now described 1n conjunction
with FIG. 7. Reference numeral 43 denotes an endless type
image carrying belt as the image receiving means 40, and the
belt 1s made of a film produced by scattering a conductive
filler within resin and having a resistance of about 10"

U-cm, and wound around between a pair of rollers 44a and
44b. A pickup roller 45 feeds a recording paper sheet 46 on
a one-sheet-basis from a paper feed tray, a timing roller 47
synchronizes the fed recording paper sheet 46 and the image
position, and a transfer roller 48 transfers a toner 1mage
formed on the 1mage carrying belt 43 onto the recording
paper sheet 46. The transfer roller 1s pressed toward the
roller 44a with the 1mage carrying belt 43 interposed ther-
ebetween and applied with a transfer voltage. A fixing device
49 heats and presses the recording paper sheet 46 having the
toner 1mage transterred thereon for fixing the toner 1mage on
the recording paper sheet 46.

With the image forming apparatus of this kind, 1n order to
form dots about as small as 100 um, for example, the small
holes 1n the print head must be about as small as 100 ym, so
that the small holes could clogged up and resultant dots
could be thinned or dots are not formed at all. This phe-
nomenon occurs because 1n addition to the clogeing of the
small holes with dust scattered 1n the apparatus, the small
holes may be clogged with a developer used for forming
images as well. The deposited developer or foreign sub-
stances affect an electric field formed by the control
clectrode, or mechanically prevents the developer from
passing, so that resultant dots are thinned or dots are not
formed at all. Therefore, some cleaning means 1s necessary
for the print head.

As conventional means for cleaning the small holes, there
are a method of using an electric field or an air flow as well
as a method of providing ultrasonic vibration to the print
head which allows effective cleaning of a developer which
1s not charged or a developer solidified within the small

holes for example as suggested by Japanese Patent Publi-
cation No. 3-57658.

According to the disclosure of Japanese Patent Publica-
tions No. 4-164659 and No. 5-77479, a developer passing
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control member having small holes and control electrodes 1s
attached with a vibration generator providing vibration and
the vibration forms an advancing wave propagating the
developer passing control member so that all the small holes
can evenly be cleaned. For the purpose, a vibrating member
1s secured along the row of small holes 1n the developer
passing control member and a vibration generator 1s coupled
to one end of the vibrating member.

Another conventional image forming apparatus employs a
direct marking method according to which an i1mage 1is
directly formed on a recording member. An 1image forming
apparatus disclosed by Japanese Patent Publication No.
44-26333 15 a developer 1njection type apparatus according
to one of such direct marking methods. According to the
direct marking method, an 1mage signal is input to a control
electrode provided at a print head to cause an accelerated
clectric field, a charged developer 1s allowed to pass a small
hole near the control electrode, and the developer 1s allowed
to land on the recording member by a voltage applied to
counter electrodes, so that an 1mage 1s formed.

As an 1mage forming apparatus of this kind, Japanese
Patent Publication No. 9-30029 discloses an apparatus hav-
ing a print head 1n which developer passing control means
controlling passage of a developer through small holes 1s
integrally secured to a supporting member and a driving IC
for driving control electrodes 1s integrally provided to the
developer passing control means.

According to the disclosure of Japanese Patent Publica-
tion No. 9-277583, one end of developer passing control
means 1s secured to a developer storage container including
developer carrying means, and the other end 1s attached as
it 1s extended by an elastic member, so that the developer
passing control means 1s mtegrally provided to a developer
supply unit and the whole structure 1s detachably provided
to the main body.

Meanwhile, 1n the 1mage forming apparatuses having the
above-described structures, the distance between the toner
carrier 31 and the toner passing control means 34, 1n other
words the distance between the toner carrier 31 and the
control electrode 36 greatly affects the amount of the toner
passed through the toner passing holes 35. Therelore,
according to the disclosure of the Japanese Patent Republi-
cation No. 9-500842, for example, a scraper blade 1s pro-
vided between the toner carrier 31 and the toner passing
control means 34 to maintain the distance. However, the
toner layer on the toner carrier 31 1s disturbed by a change
in the contact pressure between the toner carrier 31 and the
toner passing control means 34 caused by the eccentricity of
the axial center of rotation of the toner carrier 31. Therefore,
according to the disclosure of Japanese Patent Publication
No. 8-118706, the toner passing control means 34 1s secured
through elastic securing means. However, the fluctuation of
the toner passing control means 34 generated by the friction
force at the contact point between the toner passing control
means 34 and the moving toner carrier 31 causes the
positional change of the toner passing hole 35, which
disturbs the flying of the toner passed through the toner
passing hole 35 and degrades the 1mage quality.

Also, the toner passing control means 34 1s made of
several materials of different kinds, and therefore the tension
corrugates the surface, and the distance between the toner
carrier 31 and the toner passing control means 34 1s unequal
in the direction of the row of the toner passing holes, which
degrades the 1mage quality.

Besides, the toner passing control means 34 and the 1mage
receiving means 40 are positioned 1n the proximity at a
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distance 1n the range from 100 yum to 500 yum. Therefore, the
toner on the toner carrier 31 passed through the toner passing
hole 35 at the toner passing control means 34 1n response to
an 1mage signal flies and sticks on the image receiving
means 40 and then the toner returns from the 1mage receiv-
ing means 40 to stick on the surface of the toner passing
control means 34 and fall on the image, which degrades the
image quality.

In addition, 1n the 1image forming apparatus having the
above-described structure, the relative positions of the
developer passing control member, and the vibrating
member, and vibration generator must be fixedly set.

Meanwhile, the gap between the developer carrying means
supplying the developer to the small holes of the developer
passing control member and the developer passing control
member must be restricted highly precisely, or otherwise the
magnitude of the accelerated electric field of the developer
oreatly varies, and high quality 1images cannot be formed.
Therefore, the mutual positions of the developer carrying
means and the developer passing control member at the time
of the mounting operation of the developer carrying means
and at the time of the axis fluctuation during the operation
of the developer passing control member must be automati-
cally adjusted. If the position of the developer passing
control member 1s delicately adjusted 1n abutment against
the developer carrying means, the rigidly provided vibration
generator causes 1ts relative position to the vibrating mem-
ber on the developer passing control member to be 1ncorrect,
which i1mpedes appropriate vibration propagation. As a
result, the cleaning performance could not be achieved
stably or correct images could not be formed by the distor-
tion of the developer passing control member.

According to the disclosure of Japanese Patent Publica-
tion No. 9-30029, in order to maintain the attachment
tolerance for the print head and the developer carrying
means for forming high quality images highly precisely, they
should be assembled integrally, which 1mpedes simple
supplement of the developer, 1n other words the device could
be difficult to handle or maintain. If the mtegrated whole
must be exchanged, the cost would increase, and the manu-
facturing and assembling could be complicated and the cost
thereof could also increase.

According to the disclosure of the Japanese Patent Pub-
lication No. 9-277583, the developer supply unit having
integrally formed developer passing control means needs
only be exchanged and therefore the apparatus 1s easier to
handle, but the high precision developer passing control
means 1s included 1n the exchange unit, which pushes up the
cost. Recycling of the exchange unit must be performed
highly carefully, which eventually increases the cost.

The present 1mnvention 1s directed to the above-described
conventional problems, and it 1s an object of the present
invention to provide an 1mage forming apparatus capable of
forming high quality 1mages by preventing the positional
fluctuation of the toner passing holes, the corrugation of the
toner passing control means, and toner flying and sticking to
the 1mage receiving means from returning from the image
receiving means to stick and be deposited on the surface of
the toner passing control means.

Furthermore, the present invention 1s directed to the
above-described conventional problems, and it 1s another
object of the present invention to provide an image forming
apparatus capable of stably achieving cleaning performance
according to a cleaning method by ultrasonic vibration and
forming high quality 1mages.

Still furthermore, the present invention 1s directed to the
above-described conventional problems, and 1t 1s an object
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of the present invention to provide a low cost and easy-to-
handle 1mage forming apparatus which can form high qual-
ity 1mages, can be easy to be maintained, and can be
manufactured with high productivity, and to provide a
manufacturing method and a manufacturing device therefor.

DISCLOSURE OF THE INVENTION

The first aspect of an 1mage forming apparatus according
to the present invention includes a toner carrier moving
while carrying a charged toner, toner passing control means
having a plurality of toner passing holes through which the
toner passes and applying an image signal to a control
electrode provided to surround the holes, thereby controlling
passage of the toner, image receiving means to which the
passed toner sticks, and a back surface electrode provided at
the back surface of the image receiving means for drawing
the toner. The toner passing control means 1s secured on the
upstream side of the contact point with the toner carrier in
the moving direction of the toner carrier, and 1s secured on
the downstream side in the moving direction of the toner
carrier through an elastic member. The upstream side 1s

secured, so that the fluctuation of the toner passing control
means caused by the friction force at the contact pomt
between the toner passing control means and the moving
toner carrier can be prevented, the positional fluctuation of
the toner passing holes can be prevented and high quality
images can be formed.

The second aspect of an 1image forming apparatus accord-
ing to the present invention includes a toner carrier moving
while carrying a charged toner, toner passing control means
having a plurality of toner passing holes through which the
toner passes and applying an image signal to a control
electrode provided to surround the holes, thereby controlling
passage of the toner, image receiving means to which the
passed toner sticks, and a back surface electrode provided at
the back surface of the 1image receiving means for drawing
the toner. The toner passing control means 1s 1n contact with
a stay extending 1n a direction perpendicular to the moving
direction of the toner carrier on the downstream side of the
contact point with the toner carrier 1n the moving direction
of the toner carrier. The toner passing control means 1s
contacted with the stay on the downstream side of the
contact point with the toner carrier 1n the moving direction
of the toner carrier, so that the corrugation deformation of
the toner passing control means caused by applied tension
can be prevented, the distance between the toner carrier and
the toner passing control means can be constant in the
direction of a toner passing hole row, which equalizes the
toner amount passed through the toner passing holes, and
high quality images can be formed.

The third aspect of an 1mage forming apparatus according,
to the present invention includes a toner carrier moving
while carrying a charged toner, toner passing control means
having a plurality of toner passing holes through which the
toner passes and applying an image signal to a control
clectrode provided to surround the holes, thereby controlling
passage of the toner, image receiving means to which the
passed toner sticks, and a back surface electrode provided at
the back surface of the 1 image receving means for drawing
the toner. The toner passing holes are contacted with the
toner carrier through spacer means provided 1n a position on
the toner passing control means on the upstream side of the
foner passing holes in the moving direction of the toner
carrier, the toner passing control means 1s contacted to a stay
extending 1n a direction perpendicular to the moving direc-
fion of the tonmer carrier on the downstream side of the
contact point with the toner carrier 1n the moving direction
of the toner carrier.
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Thus, the toner passing control means 1s contacted with
the stay on the downstream side of the contact point with the
toner carrier 1n the moving direction of the toner carrier, so
that the corrugation deformation of the toner passing control
means caused by tension applied upon the toner passing
control means can be prevented. The spacer can be pressed
evenly over to the toner carrier entirely 1n the direction of the
toner passing hole row, so that generation of a space between
the spacer and the toner carrier can be prevented, and the gap
between the toner carrier and the toner passing control
means can be constant and as thick as the spacer in the
direction of the toner passing holes. Accordingly, the toner
amount passing through each toner passing hole 1s

equalized, and high quality 1mages can be formed.

The fourth aspect of an 1mage forming apparatus accord-
ing to the present invention includes a toner carrier moving
while carrying a charged toner, toner passing control means
having a plurality of toner passing holes through which the
toner passes and applying an image signal to a control
clectrode provided to surround the holes, thereby controlling
passage of the toner, image receiving means to which the
passed toner sticks, and a back surface placed provided at
the back surface of the image receiving means for drawing
the toner. There 1s a gap portion between the toner passing
control means and the 1mage receiving means gradually
expanding toward the downstream side of the 1image receiv-
ing means from the toner passing holes. The toner from the
toner carrier passed through the toner passing holes in the
toner passing control means 1n response to an 1mage signal
and flying to arrive on the 1mage receiving means can be
prevented from returnmg from the 1mage receiving means to
the toner passing control means, so that spotless, high
quality 1mages can be formed.

Also, an 1mage forming apparatus according to the
present 1vention includes developer carrying means for
carrying and transporting a charged developer, developer
passing control means having a base member provided with
a row of a plurality of small holes formed 1n the direction
perpendicular to the direction of transporting the developer
through which the developer passes and controlling passage
of the developer through the small holes 1n response to an
externally applied image signal, and 1image receiving means
to which the developer passed through the small holes sticks.
In the apparatus, a vibrating member 1s rigidly attached to a
side portion of the base member of the developer passing
control means 1n the arranging direction of the small holes,
and ultrasonic vibration generating means for generating
ultrasonic vibration 1s provided, and the ultrasonic vibration
generating means and the vibrating member are coupled by
coupling means allowing relative displacement between
them and transmitting ultrasonic vibration.

Thus, ultrasonic vibration can be transmitted through the
coupling means allowing relative displacement of the vibrat-
ing member secured to the base member of the developer
passing control means and the ultrasonic vibration generat-
ing means, and the ultrasonic vibration can be transmitted 1f
there 1s any fluctuation of the developer passing control
means, so that stable cleaning performance as well as stable
image formation can be achieved. Meanwhile, there 1s little
possibility of distortion generated in the developer passing
control means and therefore high quality 1images can be
formed.

More speciiically, the vibrating member may be provided
with a coupling portion integrally extending toward the
ultrasonic vibration generating means at one end, the cou-
pling portion may have its tip end secured to the ultrasonic
vibration generating means and a width-reduced portion
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may be provided in the coupling portion. Alternatively, a
bent portion or a U-shaped portion may be provided 1n the
coupling portion. As a result, the ultrasonic vibration can be
transmitted while relative displacement 1s allowed in a
simple structure.

The vibrating member may be rigidly attached to a side of
the base member of the developer passing control means 1n
the arranging direction of the small holes, ultrasonic vibra-
fion generating means for generating ultrasonic vibration
may be provided, the vibrating member and the ultrasonic
vibration generating means may be rigidly coupled and the
ultrasonic vibration generating means may be supported in
a displaceable manner. In this manner, the same function and
elfects can still be provided.

In particular, the developer passing control means has one
end of the base member on the upstream side in the
developer transporting direction, and the other end coupled
to extension means, and the developer carrying means and
the developer passing control means are partly 1n direct or
indirect contact to set a gap between them. Application of
this structure to the above described structure allows high
quality 1mages to be surely formed and stable cleaning
performance can be achieved.

Conversely, the developer passing control means has one
end of the base member secured on the downstream side 1n
the transporting direction of the developer and the other end
coupled to extension means, and the developer carrying
means and the developer passing control means are partly in
direct or indirect contact to set the gap between them. The
above structure may be applied to provide similarly great
elfect.

The wvibrating member 1s provided on the developer
passing control means on the opposite side of a position
where the developer carrying means and the developer
passing control means are partly 1n direct or indirect contact
in the direction of transporting the developer with reference
to the small hole row. As a result, vibration by the vibrating
member 15 surely transmitted to the small hole row 1n the
developer passing control means, so that clogging can more
surely be prevented. In this case, one end of the developer
passing control means on the downstream side 1n the trans-
porting direction of the developer 1s secured, and the vibrat-
ing member 15 provided between the secured end and the
small hole row, so that the displacement of the vibrating
member 1s reduced, and relative displacement of the ultra-
sonic vibration generating means and the vibrating member
can readily be allowed. As a result, the above effects can
surely be provided in a simple structure.

Also, the vibrating member 1s provided 1n a position on
the downstream side of the arranging position of the small
hole row 1n the developer passing control means 1n the
direction of transporting the developer, and the base member
of the developer passing control means 1s bent by the
vibrating member. Then, the developer passing control
means 1s bent and the member for preventing the corrugation
can also serve as the vibrating member, so that the structure
can be simplified while high cleaning performance can be
achieved, and high quality images can be formed.

Further, the vibrating member 1s supported rotatably
around the axial center, and the ultrasonic vibration gener-
ating means 1s supported pivotally around the axial center.
As a result, the displacement of the developer passing
control means can smoothly be absorbed by the rotation of
the vibrating member, and ultrasonic vibration can be trans-
mitted surely and effectively.

Besides, the vibrating member 1s rigidly attached to a side
portion of the base member of the developer passing control
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means 1n the arranging direction of the small holes, while the
vibrating member 1s supported rotatably around the axial
center, and ultrasonic vibration generating means for gen-
erating ultrasonic vibration is provided. A coupling vibrating
member rigidly coupled to the ultrasonic vibration generat-
ing means and the vibrating member are coupled 1 a
relatively rotatable manner, so that the rotation of the
vibrating member allows the displacement of the developer
passing control means to be absorbed, and the ultrasonic
vibration generating means can rigidly be provided.
Therefore, the ultrasonic vibration generating means can be
provided 1 a simple manner, while the displacement of the
developer passing control means can smoothly be absorbed,
and ultrasonic vibration can be transmitted surely and etfec-
fively.

Also 1n this structure, the developer passing control
means has the base member having one end on the upstream
side 1n the developer transporting direction secured and the
other end coupled to extension means, and the base member
of the developer passing control means i1s bent by the
vibrating member. Thus, the structure may be simplified as
described, while high cleaning performance can be achieved
and high quality images can be formed.

In an 1mage forming apparatus according to the present
invention includes developer carrying means for carrying
and transporting a charged developer, developer passing,
control means having a base member provided with a row of
a plurality of small holes formed m the direction perpen-
dicular to the direction of transporting the developer through
which the developer passes and controlling passage of the
developer through the small holes 1n response to an exter-
nally applied image signal, image receiving means to which
the developer passed through the small holes sticks, and
ultrasonic cleaning means for providing ultrasonic vibration
to the developer passing control means, thereby cleaning the
small holes, a seal blade 1s provided at a developer storing
contamner wall or at a case wall storing a developer storing
container, the seal blade has a tip end 1n contact with the
inner surface 1n a position on the opposite side of a position
where the developer carrying means and the developer
passing control means are 1n direct or indirect contact in the
direction of transporting the developer with reference to the
small hole row 1n the developer passing control means.
Thus, the developer passing control means 1s cleaned by
applying ultrasonic vibration, while the vibration can pre-
vent the developer from leaking to the outside along the
inner surface of the developer passing control means.

An 1mage forming apparatus according to the present
invention includes developer carrying means for carrying
and transporting a charged developer, developer passing
control means having a base member provided with a row of
a plurality of small holes through which the developer
passes 1n the direction perpendicular to the direction of
transporting the developer and controlling passage of the
developer through the small holes 1n response to an exter-
nally applied image signal, image receiving means to which
the developer passed through the small holes sticks, and a
back surface electrode supporting the i1mage receiving
means and provided with a prescribed voltage for forming
an electric field between the developer carrying means and
itself to let the developer fly. The developer carrying means
and a storing container storing a developer are integrated
into a developer supply unit, and at least one end of the
developer passing control means 1s positioned and secured
to a box member having the detachably provided developer
supply unit.

Thus, the developer passing control means can supple-
ment a developer by removing the developer supply unit to
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the positioned and secured box member, which makes the
apparatus easy to handle. The developer supply unit as a
supply exchange part 1s not provided with the developer
passing control means, which reduces the cost. The box
member positions the developer supply unit and therefore
high quality images can be formed.

One end of the developer passing control means 1S posi-
tioned and secured to the box member, and the other end of
the developer passing control means 1s coupled to extension
means. Thus, the developer passing control means may be
displaced against the extension means for adjusting the
position relative to the developer carrying means, the posi-
tion of the small holes can be set precisely with reference to
the one end, while the developer passing control means can
be prevented from being loosened, and the developer pass-
ing control means can equally abut against the developer
carrying means.

A guide shatt 1s provided to be projected at both ends of
the developer supply unit, a guide groove with which the
ouide shaft engages when the developer supply unit mserted
to the box member 1s provided, and the engagement of the
ouide shaft and the guide groove positions the small hole
row 1n the developer passing control means and the devel-
oper carrying means 1n the plane direction perpendicular to
the far-near direction of the axial center. By simply 1nserting
the developer supply unit to the box member, the positioning
in the plane direction can automatically be achieved.

The developer supply unit 1s provided with first spacer
means for abutting against the back surface electrode and
restricting the distance between the developer carrying
means and the back surface electrode when the unit 1s
mounted to the box member. In this structure, simply by
inserting the developer supply unit to the box member and
bringing the first spacer means 1nto abutment against the
back surface electrode, the gap between the developer
carrying means and the back surface electrode can be highly
precisely set to a prescribed distance.

Second spacer means 1s provided on the 1ner side of the
developer passing control means, and said second spacer
means abuts against the developer carrying means when the
developer supply unit 1s mounted to the box member. The
developer passing control means abuts through the second
spacer means or directly against the developer carrying
means when the developer supply unit 1s mounted to the box
member, so that the developer passing control means 1is
moved and the extension means 1s displaced. In this
structure, simply by inserting the developer supply unit to
the box member and bringing the developer carrying means
into abutment against the second spacer means or the
developer passing control means, the gap between the devel-
oper carrying means and the developer passing control
means can be highly precisely set to a prescribed distance.

There may be provided means for pressing and urging the
developer supply unit toward the back surface electrode and
the developer passing control means as the developer supply
unit 1s mounted. Thus, simply by mounting the developer
supply unit, the distance between the developer carrying
means and the back surface electrode, and the gap between
the developer carrying means and the developer passing
control means can be set highly precisely to a prescribed
distance.

When the developer supply unit 1s mounted to the box
member, the developer carrying means 1s 1n abutment 1n a
position apart from a side edge of the upper surface of the
second spacer means. Thus, developer carrying means can
be prevented from colliding against the edge of the second
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spacer means and being damaged. The developer passing
control means has one end detachably secured to the box
member, so that the developer passing control means can
readily be exchanged or maintained.

The developer supply unit has a protection cover for
covering an exposed part of the developer carrying means
when it 1s not mounted, so that the developer carrying means
can surely be prevented from being damaged during the
transportation of the developer supply unit.

The box member 1s detachably provided to a main body
case. By removing the box member from the main body
case, the maintenance of the developer passing control
means such as exchange or cleaning or the maintenance of
the back surface electrode or any mtermediate belt used as
Image receiving means can be readily achieved.

The box member 15 provided with a mounting portion for
a plurality of developer supply units and the developer
passing control means parallel to each other, so that the
developer passing control means and the developer supply
unit can be positioned highly precisely parallel to each other
by the single box member and high quality color images can
be formed.

The developer passing control means can each be i1nde-
pendently positioned, so that the small hole rows can be set
highly precisely parallel to each other by individual adjust-
ment of each developer passing control means. Misalign-
ment among colors can surely be prevented and high quality
color images can be formed and each developer passing
control means can readily be exchanged and maintained.

When a plurality of developer supply units are mounted to
the box member, the first spacer means provided to the
developer supply unit abuts against the opposing back
surface electrode, so that without the effect of fine distortion
or curve 1n the box member 1f any, the distance between the
developer carrying means and the back surface electrode can
independently be restricted to the opposing back surface
clectrode highly precisely and stably for each developer
supply unit. The recording conditions can be equalized for
the plurality of developer supply units, and high quality
color 1mages 1 good color balance can be formed.

According to a method of manufacturing an image form-
ing apparatus and a device therefor according to the present
invention, the 1mage forming apparatus includes developer
carrying means and developer passing control means, a
developer carrier 1s detachably mounted to a box member,
one end of the developer passing control means 1s secured to
the box member, and the other end 1s coupled to an extension
member. The box member temporarily mounted with the
developer passing control means 1s positioned and secured
in a prescribed position, the developer carrying means or a
dummy thereof 1s mounted 1n a prescribed position of the
box member, and one end of the developer passing control
means 1s held against the urging force of the extension
member, while the position of the small hole row 1s recog-
nize. The position of the small hole row 1s adjusted to be in
a prescribed position, and one end of the developer passing,
control means 18 secured to the box member. Therefore, an
image forming apparatus allowing high quality images by
cfiectively and highly precisely positioning the developer
passing control means can be manufactured with high pro-
ductivity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing the general structure
of an 1image forming apparatus according to Embodiment A
of the present invention;
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FIG. 2 1s an enlarged vertical sectional view seen from the
front showing a main part of the embodiment;

FIG. 3 1s a vertical sectional view seen from the side
showing three operation states at an arbitrary toner passing
hole according to the embodiment;

FIG. 4 1s a time chart showing the timing of voltage
applied to a control electrode and a deflection electrode
according to the embodiment;

FIG. 5A 1s a plan view showing the arrangement of
control electrodes according to the embodiment and FIG. 5B
1s a plan view showing the arrangement of the deflection
clectrodes according to the embodiment;

FIG. 6 1s a view showing a main part of an 1mage forming
apparatus according to a conventional example;

FIG. 7 1s a view showing the general structure of the
image forming apparatus according to the conventional
example;

FIG. 8 1s a plan view showing how electrodes are pro-
vided 1n the conventional example;

FIG. 9 1s a vertical sectional view showing the general
structure of an i1mage forming apparatus according to
Embodiment B-1 of the present invention;

FIG. 10A 1s a perspective view showing the structure of
the print head and the step of mounting a toner cartridge
according to the embodiment, FIG. 10B 1s a partial plan
view showing another structure of the coupling plate portion
of a vibrating member according to the embodiment and
FIG. 10C 1s a partial plan view showing yet another structure
of the coupling plate portion of the vibrating member
according to the embodiment;

FIG. 11 1s a perspective view showing the structure of a
print head 1n an 1mage forming apparatus according to
Embodiment B-2 of the present invention and the step of
mounting a toner cartridge;

FIG. 12 1s a vertical sectional view showing the general
structure of the embodiment;

FIG. 13 1s a vertical sectional view showing the general
structure of an 1mage forming apparatus according to
Embodiment B-3 of the present invention;

FIG. 14 1s a vertical sectional view showing the general
structure of an i1mage forming apparatus according to
Embodiment B-4 of the present invention;

FIG. 15 1s a vertical sectional view showing a variation of
the embodiment;

FIG. 16 1s a vertical sectional view showing the general
structure of an i1mage forming apparatus according to
Embodiment C-1 of the present invention;

FIG. 17 1s an exploded, vertical sectional view showing
the 1mage forming apparatus 1n the embodiment;

FIG. 18 1s a perspective view showing the structure of the
print head 1n the embodiment and the step of mounting a
toner cartridge;

FIG. 19 1s a vertical sectional view showing the manu-
facturing step of positioning and securing developer passing
control means according to the embodiment;

FIG. 20 1s a vertical sectional view of an 1mage forming,
apparatus according to Embodiment C-2 of the present
mvention;

FIG. 21 1s a vertical sectional view of the embodiment
when a box member 1s provided; and

FIG. 22 1s a vertical sectional view of the embodiment
when a toner cartridge 1s mounted.

BEST MODE FOR CARRYING OUT THE
INVENTION

An 1mage forming apparatus according to one embodi-
ment (referred to as “Embodiment A”) of the present inven-
tion will be now described with reference to FIGS. 1 to §.
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In FIG. 1 showing the general structure of the image
forming apparatus according to the embodiment, a toner
carrier 1 carrying and transporting a charged toner 2, and the
toner carrier 1 1s made of a grounded rotatable sleeve and at
a ground potential. The charged toner 2 1s adhered 1n one to
three thin layers.

A toner passing control means 3 1s made of a flexible
printed board having an effective width corresponding to the
cfiective width of the toner carrier 1. The toner passing
control means 3 1s secured on the upstream side of the
contact point with the toner carrier 1 1n the moving direction
of the toner carrier and secured on the downstream side
through a spring 13. The contacting pressure between the
toner carrier 1 and the toner passing control means 3 caused
by the spring 13 at the time 1s appropriately 1n the range from
0.2 to 2 gf/mm~. This is because in order to keep the constant
distance between the toner carrier 1 and the toner passing
control means 3 1n the position of the toner passing hole, the
toner carrier 1 and the toner passing control means 3 must
always be 1n contact 1n the same state following the eccen-
tricity of axial center of the rotation of the toner carrier 1,
and the toner layer on the toner carrier 1 should not be
deformed by excessively high contacting pressure. The
contacting pressure slightly varies depending on the material
of the toner carrier 1, the toner passing control means 3 and
the like. Reference numeral 4 denotes a toner passing hole.

A back surface electrode 6 1s provided opposing the toner
carrier 1 with the toner passing control means 3 interposed
therebetween. Reference numeral 7 denotes image receiving
means such as recording paper and an 1mage carrying belt
transported 1n the direction of the arrow a 1 a fixed path
between the back surface electrode 6 and the toner passing
control means 3. A spacer 12 1s provided at the surface of the
toner passing control means 3 opposing the toner carrier 1 on
the upstream side of the contact point with the toner carrier
1 with the contact point being inclusive in the moving
direction of the toner carrier 1 and the spacer 12 serves to
keep the constant distance between toner carrier 1 and the
toner passing control means 3.

A stay 14 1s linearly extending in the direction perpen-
dicular to the moving direction of the toner carrier 1, and the
stay 14 1s provided on the downstream side of the contact
point between the toner passing control means 3 and the
toner carrier 1 1n the moving direction of the toner carrier 1.
The toner passing control means 3 1s 1n contact with the stay
14 and slightly bends in the position of the stay 14. The toner
passing control means 3 which will be described later 1n
detail 1s typically made of a flexible resin film containing
control electrodes 10 therein, and includes different kinds of
materials with different modulus of elasticity. The film could
be corrugated by tension as a result. Therefore, the toner
passing control means 3 1s contacted with the stay 14 in
order to cancel the corrugation in the vicinity of the contact
point with the stay 14 and the slight bending increases the
contacting pressure and the resulting effect accordingly. As
described above, the toner passing control means 3 1is
prevented from being corrugated, the spacer 12 provided at
the toner passing control means 3 can be pressed evenly
against the toner carrier 1 entirely 1n the direction of the
toner passing hole row. As a result, no gap 1s produced
between the spacer 12 and the toner carrier 1. Thus, the
distance between the toner carrier 1 and the toner passing
control means 3 can be constant and as thick as the spacer
12 1n the direction of the toner passing hole row. The
distance from the contact point between the toner passing
control means 3 and the toner carrier 1 to the stay 14 is
normally about 10 mm and desirably as short as possible,
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because the elffect 1s less for greater distances. As denoted by
the broken line 1n FIG. 1, the stay 14 is provided such that
there 1s a gap part X formed between the toner passing
control means 3 and the 1mage receiving means 7 gradually
expanding toward the downstream side in the moving direc-
fion of the image receiving means 7 from the toner passing
hole 4. This 1s for the purpose of preventing the toner passed
through the toner passing holes 4, flying and then sticking on
the 1mage receiving means 7 from returning to the toner
passing control means 3 from the 1mage receiving means 7.

As shown 1n FIG. 2, the toner passing control means 3
includes a three-layer polyamide resin {ilm having a main
f1lm about as thick as 50 um and upper and lower cover films
9a and b about as thick as 10 to 30 um attached to both sides
of the a 1 film by an adhesive layer about as thick as 10 to
15 um. the material and size of each film and the number of
layers are by no means limited to these and may be designed
as desired. In the example as shown, the toner passing holes
4 are provided 1n two rows in the moving direction of the
toner carrier 1 at an appropriate distance apart on the
downstream side of the contact point between the toner
carrier 1 and the toner passing control means 3 1n the moving
direction of the toner carrier 1.

At the upper surface of the main film 8, a control electrode
10 1s provided to surround each of the toner passing holes 4.
At the lower surface of the main film 8, a pair of deflection
clectrodes 11a and 11b 1s provided to surround the toner
passing hole 4 from both sides. These electrodes 10, 114, and
115 are made of a patterned Cu film having a thickness of
about 8 to 20 um on the main film 8.

While the toner passing hole 4 1s circular as shown 1n FIG.
SA, the hole may be oval or elliptical. In terms of size, the
diameter 1s set about 1n the range from 70 to 120 um. The
surface roughness R of the mner circumierential wall sur-
face of the toner passing hole 4 1s not more than the average
orain size of additives of the toner 2, 0.1 to 0.5 um. The hole
having the surface roughness R can be formed by perfora-
fion using an excimer laser or press working, or a YAG laser
or a CO, laser may be used for perforation followed by a
processing such as etching.

As shown 1n FIG. 5A, the control electrode 10 around the
toner passing hole 4 preferably has a shape corresponding to
the plan shape of the toner passing hole 4. In addition, as
shown 1n FIG. 5B, the deflection electrodes 11a and 115 are
shared between adjacent toner passing holes 4. In the
above-described structure, a voltage V, applied to each
control electrode 10 in the 1mage forming operation 1is
switched for example among -50V, 200V, and 250V, and
voltages V,,_; and V,,_» applied to the deflection elec-
trodes 11a and 115 are switched for example among 150V,
0V, and -150V 1n the timings as shown m FIG. 4. The
voltage applied to the back surface electrode 6 1s for

example 1000V,

In FIG. 4, at first the deflection electrodes 11a and 115 are
both at OV and the control electrode 10 1s at =50V, so that
the toner 2 adhered to the toner carrier 1 1s unaifected by the
clectric field by the back surface electrode 7. Then, as the left
deflection electrode 11a 1s provided with +150V and the
rigcht deflection electrode 115 1s provided with -150V to
deflect the negatively charged toner 2 to the left, the control
clectrode 10 1s provided with a voltage of 250V to remove
the toner 2 adhered to the toner carrier 1. A voltage of 200V
1s then applied to allow the toner 2 to pass through the toner
passing hole 4, deflect and fly to the left as shown 1n FIG.
3A. Thus, the toner 1s applied 1n a position about 40 um apart
to the left from the position on the 1mage receiving means 7
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opposing the toner passing hole 4. Then, as the left and right
defection electrodes 11a and 115 are both at 0V, a voltage 1s
similarly applied to the control electrode 10, so that as
shown 1n FIG. 3B, the toner 2 i1s applied on the image
receiving means 7 1n a position opposing the toner passing
hole 4. Then, the left deflection electrode 11a 1s provided
with -150V, and the right deflection electrode 115 1s pro-
vided with +150V to deflect the negatively charged toner 2
to the right. In the state, a voltage 1s similarly applied to the
control electrode 10, so that as shown 1n FIG. 3C, the toner
1s applied on the 1mage receiving means 7 1n a position again
about 40 um displaced to the right from the position oppos-
ing the toner passing hole 4. Thus, by sequentially switching
the voltage applied to the control electrode 10, and the
deflection electrodes 11a and 11b, the toner can be applied
to three points, 1.e., points 1 the left, right, and center
through a single toner passing hole 4.

Note that 1n order to block the toner 2 through the toner
passing hole 4, the voltage applied to the control electrode
10 15 raised from -50V to OV as denoted by the virtual line,
so that the part of the toner 2 charged to the opposite polarity
(the positive polarity) and deposited on the surface of the
toner passing control means 3 moves to return to the side of
the negatively charged toner 2 adhered to the toner carrier 1.
Then, the negatively charged toner 2 1s deposited around the
toner passing hole 4 with the toner 2 of the opposite polarity
deposited at the upper part of the control electrode 10 acting
as a core. As a result, the toner passing hole 4 may be
prevented from clogging.

An 1mage forming apparatus according to another
embodiment (referred to as “Embodiment B-1") of the
present invention will be now described with reference to

FIGS. 9 and 10.

In FIGS. 9 and 10A showing the general structure of the
image forming apparatus, A print head 101 having 1ts upper
surface opened, and 1ncludes at the lower end a box member
102 having a developer supply opening 103, developer
passing control means 104 provided at the lower outer
surface of the box member 102 to cover the developer
supply opening 103, and a developer supply unit 105 detach-
ably provided in the box member 102 (hereinafter referred
to as “toner cartridge”). A back surface electrode 106 is
provided an appropriate distance apart under the print head
101, and an 1mage receiving member 107 such as recording,
paper 1s passed between the back surface electrode 106 and

the print head 101.

The toner cartridge 105 includes a developer storing
container storing a toner 108 as a developer, a developing
roller 111 serving as both developer carrying and transport-
ing means provided facing against a developer feeding
opening 110 opened 1n a large range at the lower portion of
the developer storing container 109, a restriction blade 112
restricting the toner layer carried by the developing roller
111 and transported to the outside of the developer feeding,
opening 110, and a supply roller 113 stirring the toner 108
in the developer storing container 109, thereby causing
friction charging, and supplying the developing roller 111
with the toner 108.

At the outside of the both ends of the developing roller
111 in the axial direction, there 1s a restriction collar 114 1n
abutment against the back surface electrode 106 for restrict-
ing the distance between the developing roller 111 and the
back surface electrode 106 to be constant. The restriction
collar 114 may be used to set the distance between the back
surface electrode 106 and the developing roller 111 1n the
range from 150 to 1000 um, 350 um according to the
embodiment.
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A guide shaft 115 coaxial with the developing roller 111
1s provided to project from both ends of the developer
storing container 109. Reference numeral 116 denotes a
protection cover to close the developer feeding opening 110
for protecting the developing roller 111 during the transpor-
tation of the toner cartridge 105.

The toner 108 1s held between the developing roller 111
and the restriction blade 112, stirred slightly 1n the position,
and charged with charges received from the developing
roller 111. According to the embodiment, the toner 108 used
1s a non-magnetic substance having negative charges of —10
uC/e and an average grain size of 8 um.

The developing roller 111 1s made of a metal such as
aluminum and iron or an alloy. According to the
embodiment, an aluminum tube having an outer diameter of
20 mm and a thickness of 1 mm 1s used. The restriction blade
112 1s made of an elastic material such as urethane.
Appropriately, the hardness 1s in the range from 40° to 80°
(measured by the JIS K6301A hardness measurement scale),
the free end length (the length of the portion extending from
the attached part) is in the range from 5 to 15 mm, the line
pressure on the developing roller 111 1s 1n the range from 5
to 40 g/cm, and the toner 108 1s formed 1nto one to three
layers on the developing roller 111. The restriction blade 112
1s 1n an electrically floating state according to the embodi-
ment.

The supply roller 113 1s produced by providing synthetic
rubber such as polyurethane foam having a thickness about
in the range from 2 to 6 mm on a metal shaft such as 1ron
(having a diameter of 8 mm according to the embodiment).
Preferably, the hardness 1s 30° (measured in a roller shape by
the JIS K6301A hardness measurement scale), and the roller
1s used to aid 1n charging the toner 108 and also controls the
supply of the toner. The amount of biting to the developing
roller 111 1s preferably from 0.1 to 2 mm.

These developing roller 111, restriction blade 112, and
supply roller 113 may be electrically grounded or provided
with a DC or AC voltage, or the restriction blade 112 may
be 1n an electrically floating state.

The back surface electrode 106 serves as a counter
electrode and forms an electric field between the developing
roller 111 and 1itself, and the electrode 1s a metal plate or
produced by dispersing a conductive filler within resin. A
DC voltage about 1n the range from 500 to 2000V may be
applied to the back surface electrode 106, and a voltage of
1000V 1s applied according to the embodiment.

The box member 102 has guide grooves 117 formed at
both end walls opposing the both ends of the developing
roller 111 1n the axial direction for positioning the toner
cartridge 105 as the guide shaft 115 of the toner cartridge
105 1s inserted therein. Openings 118 through which the
restriction collars 114 penetrate are formed outside both
ends of the developer supply opening 103. A securing
portion 119 for securing one end of the developer passing,
control means 104 1s formed at one side of the developer
supply opening 103 of the box member 102. A stay portion
120 having a circular cross section for bending the other end
side of the developer passing control means 104 upwardly 1s
formed to project at the other side of the developer supply
opening 103. A pair of spring hooks 121 1s provided an
appropriate distance apart at the upper end.

In the manufacture of the developer passing control
means small pitch in an insulating base member 1221n the
width-wise direction of the image receiving member 107 to
form a single or multiple small hole rows 124, and a
ring-shape 1mage signal electrode 1s formed to surround
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cach small hole 123. Meanwhile, a control signal electrode
1s formed at the back surface of the 1nsulating base member
122 so as not to overlap the image signal electrode. The
insulating base member 122 1s preferably of a material such
as polyamide and polyethylene terephthalate and appropri-
ately as thick as 10 to 100 um.

According to the embodiment, polyamide as thick as 50
um 1s used for the msulating base member 122. The small
holes 123 have a diameter of 145 um, the 1mage signal

clectrode 1s 1n a ring shape having an inner diameter of 150
um and an outer diameter of 250 um, and the control signal
clectrode has an inner diameter of 250 ym. A thin resin layer
having a thickness of 1 to 2 um 1s provided on the surface
of each electrode. The 1mage signal electrode 1s made of a
fo1l of metal such as copper having a thickness 1n the range
from 5 to 30 um, and each independently connected through
a lead to an 1mage signal output portion serving as i1mage
signal voltage switching means. A voltage of not more than
400V 1s normally applied to the 1image signal electrode, and
in the present embodiment a voltage of 300V 1s applied for
forming dots, while a voltage of —100V 1s applied for
avolding forming dots.

One distal end of the developer passing control means 104
1s secured to the securing portion 119 of the box member 102
by a securing screw 125. The other distal end bent by the
stay portion 120 1s engaged with the spring hooks 121
through a pair of extension springs 126. A spacer 127 1is
mounted at the inner surface of the developer passing
control means 104 on the upstream side of the small hole
row 124 in the moving direction of the developing roller 111.
The spacer 127 may set the distance between the toner layer
on the developing roller 111 and the developer passing
control means 104 highly precisely in the range from O to
200 yum, to 50 um according to the present embodiment.

A diaphragm 128 of a metal plate 1s rigidly attached along
the small hole row 124 on the outer surface of the developer
passing control means 104 between the small hole row 124
and the stay portion 120. More specifically, a stainless steel
plate having a width of 5 mm and a thickness of 0.2 mm, for
example, may be used. As shown in FIG. 10A, an attachment
bracket 129 attached to one end surface of the box member
102 1s used to rigidly support ultrasonic vibration generating,
means 130 for generating ultrasonic vibration. The tip end of
a coupling plate portion 131 extending to one end side of the
diaphragm 128 1s screwed to the output end of the ultrasonic
vibration generating means 130. The vibration by the ultra-
sonic vibration generating means 130 may be 1n the form of
a sine wave at a vibrating frequency of not more than 1
MHz, preferably for example about 20 KHz. This 1s because
for higher vibrating frequencies, the toner 108 and the
developer passing control means 104 vibrate similarly, and
sticking and depositing of the toner 108 in the passage
cannot be prevented. The coupling plate portion 131 has a
width-reduced portion 132 so that ultrasonic vibration can
be transmitted while permitting relative displacement
between the ultrasonic vibration generating means 130 and

the diaphragm 128.

In the i1mage forming apparatus having the above-
described structure, when the toner cartridge 105 1s
mounted, as shown 1n FIG. 9, the protection cover 116 1s 1n
an open state, the guide shaft 115 1s guided and engaged with
the guide groove 117 to allow the toner cartridge 105 to be
inserted mnto the box member 102 and thus set urged under
prescribed pressing force or higher. Then, the engagement of
the guide shaft 115 and the guide groove 117 positions the
developing roller 111 and the small hole row 124 of the
developer passing control means 104 to be parallel in
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prescribed positional relation 1n the horizontal direction as
shown 1n FIG. 9, while the restriction collar 114 abuts
against the back surface electrode 106, so that the gap
between the developing roller 111 and the back surface
clectrode 106 1s set highly precisely to a prescribed value. At
the same time, the developing roller 111 abuts against the
developer passing control means 104 through the spacer 127
and the developer passing control means 104 1s pressed
against the urging force of the extension spring 126 and
displaced. The gap between the developing roller 111 and
the developer passing control means 104 i1s set highly
precisely to a prescribed distance.

At the time of forming 1images, application of a voltage at
a prescribed value or higher in response to an externally
applied signal to the 1mage signal electrode of the developer
passing control means 104 causes an electric field formed
between the developing roller 111 and the back surface
electrode 106 to be exposed, or an accelerated electric field
1s formed between the developing roller 111 and the image
signal electrode. These electric fields directly or indirectly
draw the toner 108 toward the back surface electrode 106,
and the toner 108 arrives on the 1mage receiving member
107. Meanwhile, application of a electric charge at a pre-
scribed voltage or lower to the image signal electrode
prevents an electric field from being formed between the
developing roller 111 and the back surface electrode 106,
and the toner 108 does not arrive on the 1mage receiving
member 107. Thus, the arriving toner 108 forms 1images on
the 1mage receiving member 107.

During the 1mage forming operation or at appropriate time
intervals, the ultrasonic vibration generating means 130 1s
operated and the ultrasonic vibration therefrom 1s transmit-
ted to the developer passing control means 104 through the
coupling plate portion 131 and the diaphragm 128. As a
result, the toner 108 sticking around or inside small holes
123 1n the developer passing control means 104 1s effectively
removed and the developer passing control means 104 is
always maintained 1n a cleaned state.

Here, the diaphragm 128 rigidly attached to the developer
passing control means 104 and the ultrasonic vibration
generating means 130 are coupled through the coupling
plate portion 131 having the width-reduced portion 132 so
that relative displacement with each other 1s allowed.
Theretfore, at the time of mounting the toner cartridge 1035,
the displacement of the developer passing control means 104
1s allowed while ultrasonic vibration 1s surely transmitted, so
that stable cleaning performance as well as stable 1mage
formation can be achieved. Meanwhile, there 1s little pos-
sibility of distortion generated in the developer passing

control means 104 and therefore high quality 1mages can be
formed.

In the foregoing description, 1n order to allow the dis-
placement of the developer passing control means 104 as the
ultrasonic vibration 1s surely transmitted, the width-reduced
portion 132 1s provided at the coupling plate portion 131.
Meanwhile, the coupling plate portion 131 may be provided
with a bent portion 133 as shown 1n FIG. 10B or a U-shaped
portion 134 as shown in FIG. 10C and the bent portion 133
or the U-shaped folded back portion 134 may be reduced in
width. These portions may be designed as desired depending,
upon the actual construction or size of the print head 101 so
that the optimum effect results.

An 1mage forming apparatus according to another
embodiment (referred to as “Embodiment B-2”) of the
present invention will be now described with reference to

FIGS. 11 and 12. In the following description of the
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embodiment, the same elements as those 1 the aforemen-
tioned embodiments will be denoted by the same reference
numerals and will not be detailled and only the different
features will be described.

According to the embodiment, instead of the stay portion
120 integral with the box member 102, a stay rod 135
rotatable within a prescribed rotation range around its own
axis 1s provided to the box member 102. Developer passing
control means 104 1s secured to the stay rod 135 and
ultrasonic vibration generating means 130 1s coupled to one
end of the stay rod 135, so that the stay rod 135 1s also used
as a vibrating member. Reference numeral 136 denotes a
backing plate placed on the developer passing control means
104 and secured by a securing screw 137. The ultrasonic
vibration generating means 130 1s provided pivotally around
the axis of the stay rod 135 at a supporting body (not shown)
mounted at the box member 102.

According to the embodiment, ultrasonic vibration gen-
crated by the ultrasonic vibration generating means 130 can
be transmitted to the developer passing control means 104
ciiectively with the stay rod 135 serving as a vibrating
member, so that a great cleaning effect results. In addition,
the rotation of the stay rod 135 allows the displacement of
the developer passing control means 104 to be naturally and
smoothly absorbed.

As denoted by the imaginary line 1n FIG. 11, there may be
rotational coupling means 138 coupling relatively rotatably
within a prescribed range somewhere at the stay rod 135 1n
a position between the developer passing control means 104
and the ultrasonic vibration generating means 130, so that
the ultrasonic vibration generating means 130 can be rigidly
supported at the box member 102, in other words, the
ultrasonic vibration generating means 130 may have a
simple supporting structure.

An 1mage forming apparatus according to yet another
embodiment (referred to as “Embodiment B-3”) of the
present 1nvention will be now described 1n conjunction with

FIG. 13.

According to the embodiment, the securing portion 119 of
the box member 102 1s provided on the downstream side of
the small hole row 124 in the moving direction of the
developing roller 111, and one end of the developer passing
control means 104 1s secured to the securing portion by a
securing screw 125. The other end of the developer passing
control means 104 1s bent by the stay portion 120 and
engaged with spring hooks 121 through a pair of extension
springs 126. The extension springs 126 are provided on the
upstream side of the small hole row 124 1n the rotation
direction of the developing roller 111.

A diaphragm 128 of a metal plate 1s rigidly attached along
the small hole row 124 at the outer surface of the developer
passing control means 104 1n a position between the small
hole row 124 and the securing portion 119. Similarly to the
Embodiment B-1, a spacer 127 i1s mounted at the inner
surface of the developing roller 111 on the upstream side of
the small hole row 124 in the developer passing control
means 104 1n the moving direction of the developing roller

111.

Here, the diaphragm 128 has such a shape that the
diaphragm 128 rigidly attached to the developer passing
control means 104 and the ultrasonic vibration generating
means 130 can be displaced relatively to each other. Accord-
ing to the embodiment, with reference to the position where
the developing roller 111 and the developer passing control
means 104 are in direct or indirect contact, the diaphragm
128 1s provided 1n a position on the opposite side of the
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extension spring 126 (in a position between the small hole
row 124 1n the developer passing control means 104 and the
securing portion 119). Therefore, the displacement of the
diaphragm 128 at the time of mounting the toner cartridge
105 1s smaller than the case of the Embodiment B-1. As a
result, simply by providing a width-reduced portion 132 at
the coupling plate portion 131 between the diaphragm 128
and the ultrasonic vibration generating means 130, or with-
out forming any such width-reduced portion 132, the struc-
ture allows necessary relative displacement of the dia-
phragm 128 and the ultrasonic vibration generating means
130 1n quite a simple structure.

An 1mage forming apparatus according to another
embodiment (referred to as “Embodiment B-47) of the
present invention will be now described 1n conjunction with

FIGS. 14 and 15.

In FIG. 14, at the outer surface of the side edge on the
downstream side of the developer supply opening 103 1n the
box member 102 1n the rotation direction of the developing,
roller 111, there 1s a seal blade 139 having a tip end in
contact under pressure with the mner surface of the devel-
oper passing control means 104.

In FIG. 15, at the outer surface of the side edge of the
eveloper feeding opening 110 on the downstream side 1n
ne rotation direction of the developing roller 111 in the
eveloper storing container 109 in the toner cartridge 1035,
nere 1s mounted a seal blade 140 having a tip end 1n contact
under pressure with the inner surface of the developer
passing control means 104 through the developer supply
opening 103 in the box member 102.

These seal blades 139 and 140 are made of PET as thick

as 0.1 mm or less or urethane rubber as thick as 0.3 mm or
less.

According to the embodiment, similarly to the above
Embodiment B-1, the developer passing control means 104
can be provided with ultrasonic vibration through the dia-
phragm 128 to clean the developer passing control means
104. The seal blades 139 and 140 surely prevent the leakage
of the toner. 108 to the outside along the mnner surface of the
developer passing control means 104 caused by the vibra-
tion.

An 1mage forming apparatus according to another
embodiment (referred to as “Embodiment C-1") of the

present invention will be now described 1n conjunction with
FIGS. 16 to 19.

In FIGS. 16 to 18 showing the general structure of the
image forming apparatus, a print head 201 having a box
member 202 with 1ts upper surface being open and a
developer supply opening 203 formed at its lower end,
developer passing control means 204 provided to cover the
C

C
t]
C
t]

eveloper supply opening 203 at the lower outer surface of
the box member 202, and a developer supply unit 205
(hereinafter referred to as “toner cartridge”) detachably
provided 1n the box member 202. Back surface electrodes
206 are provided at appropriate 1ntervals at the lower part of
the print head 201, and an 1image receiving member 207 such
as recording paper 1s allowed to pass between the back
surface electrode 206 and the print head 201. Note that the
back surface electrode 206 1s provided at the lower part of
the main body case (not shown), and the box member 202
1s positioned and secured in a detachable manner at the
upper part.

The toner cartridge 205 includes a developer storing
container 209 for storing a toner 208 which 1s a developer,
a developing roller 211 serving as developer carrying means
provided to face against a developer feeding opening 210
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opened 1n a large range at the lower part of the developer
storing container 209, a restriction blade 212 for restricting
a toner layer carried and transported by the developing roller
211 to the outside of the developer feeding opening 210, and
a supply roller 213 for stirring the toner 208 1n the developer
storing container 209, thereby charging the toner by friction
and supplying the developing roller 211 with the toner 208.

At the outside of both ends of the developing roller 211 1n
the axial direction, a restriction collar 214 1s provided in
abutment against the back surface electrode 206 as first
spacer means for restricting the distance between the devel-
oping roller 211 and the back surface electrode 206 to be
constant. The collar has 1ts outer circumierential surface in
abutment against the back surface electrode 206 and its inner
circumferential surface 1n abutment against the outer diam-
eter portion of the developing roller 211 or against the outer
diameter portion of a coaxial guide shaft 215 extending to
both sides from the developing roller 211. The restriction
collar 214 may set the distance between the back surface
clectrode 206 and the developing roller 211 in the range

from 150 to 1000 ym, to 350 um according to the embodi-
ment.

Furthermore, the guide shaft 215 coaxial with the devel-
oping roller 211 1s provided to project from both ends of the
developer storing container 209. Reference numeral 216
denotes a protection cover closing the developer feeding
opening 210 during the transportation of the toner cartridge
205 to protect the developing roller 211, and the cover 1s
adapted to close automatically.

The toner 208 1s held between the developing roller 211
and the restriction blade 212, slightly stirred 1n the space,
and charged with charges received from the developing
roller 211. According to the embodiment, the toner 208 1s a
non-magnetic substance having negative charges of —10
uC/g and an average grain size of 8 um.

The developing roller 211 1s made of a metal such as
aluminum and iron or an alloy. According to the
embodiment, an aluminum tube having an outer diameter of
20 mm and a thickness of 1 mm 1s used. The restriction blade
212 1s made of an elastic material such as urethane and has
a hardness in the range from 40° to 80° (measured by the JIS
K6301A hardness measurement scale), a free end length (the
length of the portion extending from the attachment part) in
the range from 5 to 15 mm, and a line pressure on the
developing roller 211 1n the range from 5 to 40 g/cm. The
toner 208 1s formed into one to three layers on the devel-
oping roller 211. The restriction blade 212 1s in an electri-
cally floating state according to the embodiment.

The supply roller 213 1s produced by providing synthetic
rubber such as urethane foam about as thick as 2 to 6 mm on
a metal shaft such as iron (having a diameter of 8 mm
according to the embodiment). Appropriately, the hardness
is 30° (measured in a roller shape by the JIS K6301A
hardness measurement scale), and the roller aids in charging
the toner 208 and controls the supply of the toner. The
amount of biting to the developing roller 211 1s preferably
about 1n the range from 0.1 to 2 mm.

These developig roller 211, restriction blade 212, and
supply roller 213 may be electrically grounded or provided
with a DC or AC voltage, or the restriction blade 212 may
be 1n an electrically floating state.

The back surface electrode 206 serves as a counter
clectrode and forms an electric field between the developing
roller 211 and 1tself. The back surface electrode 1s a metal
plate or produced by dispersing a conductive filler within
resin. The back surface electrode 206 1s provided with a DC
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voltage about 1n the range from 500 to 2000V, with 1000V
according to the embodiment.

The box member 202 has a guide groove 217 to receive
the guide shaft 215 of the toner cartridge 205 inserted at both
end walls opposing both ends 1n the axial direction of the
developing roller 211 to position the toner cartridge 2085.
There 1s an opening 218 through which the restriction collar
214 penetrates at the outside of both ends of the developer
supply opening 203. At one side of the developer supply

opening 203 1n the box member 202, a securing portion 219
for securing one end of the developer passing control means
204 1s formed, a stay portion 220 having a circular cross
section for bending the other end of the developer passing
control means 204 upward 1s formed to project at the other
side of the developer supply opening 203. There 1s a pair of
spring hooks 221 at an appropriate distance apart at the
upper end portion.

The developer passing control means 204 has a single or
multiple small hole rows 224 produced by perforating a
number of small holes 223 1n the insulating base member
222 at a very small pitch 1n the width-wise direction of the
image receiving member 207, a ring-shaped 1mage signal
electrode (not shown) surrounding each small hole 223, and
a control signal electrode (not shown) at the back surface of
the 1nsulating base member 222 so as not to overlap the
image signal electrode. The msulating base member 222 1s
preferably of a material such as polyamide and polyethylene
terephthalate, and appropriately has a thickness in the range
from 10 to 100 um.

According to the embodiment, for the imsulating base
member 222, polyamide having a thickness of 50 um 1s used.
The diameter of the small hole 223 1s 145 yum, and the image
signal electrode 1s 1n a ring shape having an inner diameter
of 150 um and an outer diameter of 250 um. The control
signal electrode has an mner diameter of 250 um. A thin
resin layer as thin as 1 to 2 um 1s provided on the surface of
cach electrode. The 1image signal electrode 1s made of a foil
of metal such as copper having a thickness of about 5 to 30
um and independently connected through a lead to an 1mage
signal output portion serving as image signal voltage switch-
ing means. The 1mage signal electrode 1s normally provided
with a voltage of 400V or less, and according to the
embodiment, a voltage of 300V 1s applied for forming dots,
while a voltage of —100V 1s applied for avoiding forming
dots.

One distal end of the developer passing control means 204
1s secured to the securing portion 219 of the box member
202 by a securing screw 225. The other distal end 1s bent by
the stay portion 220 and then engaged with the spring hooks
221 through a pair of extension springs 226. A spacer 227
serving as second spacer means 15 mounted at the inner
surface of the developer passing control means 204 on the
upstream side of the small hole row 224 in the developer
passing control means 204 in the moving direction of the
developing roller 211. The toner cartridge 205 1s mounted to
the box member 202, the restriction collar 214 provided at
the developing roller 211 abuts against the back surface
clectrode 206 and the gap between the developmg roller 211
and the back surface electrode 206 1s mamtained to a
prescribed distance. In this state, the outer circumferential
surface of the developing roller 211 1s in abutment against
the spacer 227 and the extension springs 226 suspended at
the end of the developer passing control means 204 are
displaced by pressing force from the developing roller 211
to the spacer 227. This allows the developer passing control
means 204 to be 1n close contact with the developing roller
211 through the spacer 227 for the entire width. The spacer
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227 serves to set the distance between the toner layer on the
developing roller 211 and the developer passing control
means 204 highly precisely 1in the range from 0 to 200 u, to
50 um according to the embodiment. Note that the spacer
227 1s provided such that the developing roller 211 1s 1n
abutment 1n a position apart from the side edge of the upper
surface of the spacer 227 as the toner cartridge 205 1is
mounted 1n the box member 202.

As the developer passing control means 204 1s mounted to
the box member 202 1n this manner, the developer passing
control means 204 must be positioned and secured highly
precisely to the box member 202 so that the small hole row
224 1s 1n prescribed positional relation and parallel to the
axis of the developing roller 211. Therefore, the developer
passing control means 204 1s positioned and secured using
a manufacturing device as shown 1n FIG. 19. In FIG. 19, the
manufacturing device 228 includes positioning means 229
for positioning the box member 202 1n a prescribed position,
a recognition camera 230 for recognizing the position of
small holes 223 as 1images, fastening means 231 for fasten-
ing the securing screw 225 to secure one end of the devel-
oper passing control means 204 to the box member 202, and
position operating means 232 for operating the position of a
robot hand or the like used to hold one end of the developer
passing control means 204 for positional adjustment. The
device has at least one of each element mn the width-wise
direction.

When the developer passing control means 204 1s
mounted to the box member 202, the developer passing
control means 204 has one end temporarily secured to the
securing portion 219 1n the box member 202 by the securing
screw 225, and the other end engaged with the spring hooks
221 through the extension springs 226, and the box member
202 1s positioned by the positioning means 229 and installed
at the manufacturing device 228. Then, the developing roller
211 or a dummy thereof 1s set 1n a prescribed position of the
box member 202, and the developer passing control means
204 1s placed 1n the position restricted by the developing
roller 211 when the toner cartridge 205 1s mounted. One end
of the developer passing control means 204 1s held by the
position operating means 232 and then the securing screw
225 1s unfastened by the fastening means 231. Then, the
position of the small holes 223 1s recognized as 1mages using
the recognition camera 230, so that the position operating
means 232 1s operated to position the small holes 223 1n a
prescribed position. Once the small holes 223 are positioned
in the prescribed position, the securing screw 2235 1s fastened
by the fastening means 231 to secure the developer passing
control means 204. Thus, the developer passing control
means 204 1s highly precisely positioned and secured to the
box member 202. The box member 202 having the devel-
oper passing control means 204 thus mounted 1s provided to
be positioned with respect to the back surface electrode 206
in the main body case (not shown) in which the back surface
clectrode 206 1s provided.

In the 1mage forming apparatus having the above
structure, when the toner cartridge 205 1s mounted, as the
protection cover 216 1s open as shown 1n FIG. 16, the guide
shaft 215 1s guided and engaged with the guide groove 217
to 1nsert the toner cartridge 2035 1nto the box member 202 as
shown 1 FIG. 18 and placed under urging pressing force in
a prescribed level or higher by a pressing spring 233
mounted at the lid (not shown) of the main body case as
shown 1n FIG. 16. Then, the engagement of the guide shaft
215 and the guide groove 217 allows the developing roller
211 and the small hole row 224 1n the developer passing
control means 204 to be positioned parallel 1n a prescribed
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positional relation 1n the horizontal direction 1in FIG. 16. The
abutment of the restriction collar 214 against the back
surface electrode 206 scts the gap between the developing

roller 211 and the back surface electrode 206 highly pre-
cisely to a prescribed value. At the same time, the develop-
ing roller 211 abuts against the developer passing control
means 204 through the spacer 227 and displaces the devel-
oper passing control means 204 under pressure against the
urging force of the extension spring 226, and the spacer 227
sets the gap between the developing roller 211 and the
developer passing control means 204 highly precisely to a
prescribed distance. At the time of forming images, when a
clectric charge of a prescribed voltage or higher 1s applied to
the 1mage signal electrode in the developer passing control
means 204 1n response to an externally applied signal, an
clectric field formed between the developing roller 211 and
the back surface electrode 206 1s exposed or an accelerated
clectric field 1s formed between the developing roller 211
and the 1image signal electrode. These electric fields directly
or indirectly draw the toner 208 toward the back surface
clectrode 206 and the toner 208 arrives on the 1mage forming
member 207. Meanwhile, application of a voltage of a
prescribed value or less prevents an electric field from being,
formed between the developing roller 211 and the back
surface electrode 206, so that the toner 208 does not arrive
on the 1mage forming member 207. Thus, the arriving toner
208 forms 1mages on the 1mage receiving member 207.

According to the Embodiment C-1, the toner cartridge
205 1s detachable from the box member 202, so that the toner
208 can be conveniently supplemented. The toner cartridge
205 1s not provided with the developer passing control
means 204, and therefore supplement exchange parts can be
formed with reduced cost. Simply by mounting the toner
cartridge 205 to the box member 202, the developing roller
211, the small hole row 224 1n the developer passing control
means 204, and the back surface electrode 206 can be
positioned highly precisely parallel to one another 1n any
direction, and the gap between them can be set highly
precisely to a prescribed distance. As a result, high quality
images can be formed.

Since the developing roller 211 1s provided 1n abutment
against the spacer 277 from a position apart from the side
edge of the upper surface of the spacer 227 as the toner
cartridge 2035 1s mounted to the box member 202. Theretore,
the developing roller 211 does not collide against the edge
of the spacer 227 and 1s not damaged. The box member 202
having the developer passing control means 204 1s provided
to the main body case 1n a detachable manner, removal of the
box member 202 from the main body case allows greater
operability 1n cleaning the small hole row 224 in the
developer passing control means 204 and the 1mage receiv-
ing means 207. The developer passing control means 204
has 1ts one end detachably secured to the box member 202
and therefore can readily be exchanged and maintained. The
protection cover 216 which automatically closes to cover the
exposed part of the developing roller 211 when the cartridge
2035 1s not mounted 1s provided at the cartridge, and therefore
the developing roller 211 can surely be prevented from being

damaged during the transportation of the toner cartridge
205.

An 1mage forming apparatus according to another
embodiment (referred to as “Embodiment C-2”) of the
present invention will be now described with reference to
FIGS. 20 to 22. The elements the same as those in the
Embodiment C-1 are denoted by the same reference numer-
als and not detailed, and only the different features will be

described.
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In the 1mage forming apparatus according to the
embodiment, a single box member 242 having four box
portions 243 for forming color images 1s detachably pro-
vided 1n a main body case 241 as shown 1n FIG. 21. Toner
cartridges 203 storing developers in four colors are mounted
to the box portions 243 as shown in FIG. 22. The box
member 242 1s formed so that as a toner cartridge 2035 1s
mounted to each box portion 243, the axial centers of the
developing rollers 211 are highly precisely parallel to each
other. Developer passing control means 204 1s provided to
cach box portion 243 similarly to the above embodiments,
and the position of the developer passing control means 204
1s separately adjusted so that small hole rows 224 are

arranged highly precisely parallel to each other.

At the lower part 1n the main body case 241, back surface
clectrodes 206 are each provided 1n a position under each
box portion 243, and an endless intermediate 1mage receiv-
ing belt 244 as i1mage receiving means 15 provided to
circulate around sequentially between the developer passing
control means 204 mounted to the box portions 243 and the
back surface electrodes 206. The axial centers of the back
surface electrodes 206 are level and parallel to each other,
and also parallel to the axial centers of the developing rollers
211 mounted 1n the box portions 243. Reference numerals
245 and 246 denote a pair of belt rollers around which the
intermediate 1mage receiving belt 244 1s wound and 247
denotes a guide roller. A transfer roller 248 for transferring
a toner 1mage formed on the surface of the intermediate
image receiving belt 244 onto a recording paper sheet 250 1s
provided opposing one of the belt rollers 2435.

Recording paper sheets 250 are layered in a detachable
paper feed tray 249 at the lower end of the main body case
241, taken out on a one-sheet-basis by a paper feed roller
251, and supplied to the transier roller 248 via a paper feed
ouide 252. The recording paper sheet 250 having toner
images transferred from the intermediate 1mage receiving
belt 244 1s supplied to a fixing roller 254 through a transport

ouide 253 and discharged onto a discharge tray 256 by a
discharge roller 255.

According to the Embodiment C-2, the box member 242
1s detachably provided at the main body case 241. Therefore,
removal of the box member 242 from the main body case
241 allows easy maintenance for the small hole rows 224 1n
the developer passing control means 204, the intermediate
image receiving belt 244, and the back surface electrodes
206. The box portions 243 having a plurality of toner
cartridges 205 are provided to the box member 242, and the
developer passing control means 204 are provided so that
the small hole rows 224 are arranged parallel to each other
at the box portions 243. Therefore, the small hole rows 224
in the developer passing control means 204 and the devel-
oping rollers 211 1n the toner cartridge 205 can be positioned
parallel 1n the single box member 242, and high quality color
images can be formed. The developer passing control means
204 1s secured so as to be independently positioned to each
box portion 243 by the manufacturing device and the
manufacturing method 1n FIG. 19. Therefore, the small hole
rows 224 can be set highly precisely parallel by individual
adjustment of each developer passing control means 204, so
that misalignment among colors can surely be prevented and
high quality color 1images can be formed. Each developer
passing control means 204 can readily be exchanged and
maintained.

When a plurality of toner cartridges 205 are mounted to
the box member 202, the restriction rollers 214 provided to
the developing rollers 211 1n the toner cartridges 205
directly abut against the opposing back surface electrodes
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206, respectively. As a result, without the effect of fine
distortion or curve 1n the box member 202 1f any, the
distance between the developing roller 211 and the back
surface electrode 206 can independently be restricted to the
opposing back surface electrode 206 highly precisely and
stably for each toner cartridge 205. Consequently, the
recording conditions can be equalized for the plurality of
toner cartridges 2035, and high quality color image in good
color balance can be formed.

INDUSTRIAL APPLICABILITY

By an image forming apparatus according to the present
invention, as can be understood from the foregoing
description, the fluctuation of the toner passing control
means generated by the friction at the contact point between
the toner passing control means and the moving toner carrier
can be prevented, the positional fluctuation of the toner
passing holes can be prevented and high quality 1images can
be formed.

Corrugation deformation caused at the toner passing
control means can be prevented or the gap can be prevented
from being formed between the spacer and the toner carrier.
The distance between the toner carrier and the toner passing
control means can be constant 1n the direction of the toner
passing hole row and the toner amount passing through each
toner passing hole 1s equalized, and high quality 1images can
be formed.

After the toner passed through the toner passing holes 1n
the toner passing control means flies and sticks onto the
image receiving means, the toner can be prevented from
returning to the toner passing control means from the image

receiving means, so that spotless, high quality images can be
formed.

Furthermore, by the image forming apparatus according,
to the present invention, ultrasonic vibration can surely be
transmitted 1f the developer passing control means 1s some-
what displaced, stable cleaning performance 1s achieved,
images can be formed stably and without the possibility of
distortion at the developer passing control means, and high
quality 1images can be formed.

In addition, by the 1mage forming apparatus according to
the present invention, the developer passing control means
can supplement a developer by removing the developer
supply unit to the positioned and secured box member,
which makes the apparatus easy to be handled. The devel-
oper supply unit as a supply exchange part 1s not provided
with the developer passing control means, which reduces the
cost. The developer supply unit 1s positioned to the box
member and therefore high quality images can be formed, so
that the 1mage forming apparatus according to the present
invention 1s useful in forming high quality images and for
the readiness in handling.

What 1s claimed 1s:

1. An 1mage forming apparatus, comprising: a toner
carrier moving while carrying a charged toner; toner passing
control means having a plurality of toner passing holes
through which the toner passes and applying an 1image signal
to a control electrode provided to surround the holes, thereby
controlling passage of the toner; 1mage receiving means to
which the passed toner sticks; and a back surface electrode
provided at a back surface of the 1image receiving means for
drawing the toner, wherein the toner passing control means
1s secured on an upstream side of a contact point with the
foner carrier in a moving direction of the toner carrier, and
1s secured on a downstream side 1n the moving direction of
the toner carrier through an elastic member.
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2. An 1mage forming apparatus, comprising: a toner
carrier moving while carrying a charged toner; toner passing
control means having a plurality of toner passing holes
through which the toner passes and applying an image signal
to a control electrode provided to surround the holes, thereby
controlling passage of the toner; 1mage receiving means to
which the passed toner sticks; and a back surface electrode
provided at the back surface of the image receiving means
for drawing the toner, wherein the toner passing control
means 1s 1n contact with a stay extending perpendicularly to
a moving direction of the toner carrier on the downstream
side of the contact point with the toner carrier 1n the moving
direction of the toner carrier.

3. An 1mage forming apparatus, comprising: a toner
carrier moving while carrying a charged toner; toner passing
control means having a plurality of toner passing holes
through which the toner passes and applying an 1image signal
to a control electrode provided to surround the holes, thereby
controlling passage of the toner; image receiving means to
which the passed toner sticks; and a back surface electrode
provided at the back surface of the image receiving means
for drawing the toner, wherein the toner passing holes are
contacted with said toner carrier through spacer means
provided 1n a position on the toner passing control means on
an upstream side of the toner passing holes in a moving,
direction of the toner carrier, the toner passing control means
1s contacted to a stay extending 1n a direction perpendicular
to the moving direction of the toner carrier on a downstream
side of a contact point with the toner carrier in the moving
direction of the toner carrier.

4. An 1mage forming apparatus, comprising: a toner
carrier moving while carrying a charged toner; toner passing
control means having a plurality of toner passing holes
through which the toner passes and applying an 1image signal
to a control electrode provided to surround the holes, thereby
controlling passage of the toner; 1mage receiving means to
which the passed toner sticks; and a back surface electrode
provided at the back surface of the image receiving means
for drawing the toner, wherein a gap portion 1s provided
between the toner passing control means and the image
receiving means gradually expanding toward a downstream
side of the 1mage receiving means from the toner passing
holes.

5. An 1mage forming apparatus, comprising: developer
carrying means for carrying and transporting a charged
developer; developer passing control means having a base
member provided with a row of a plurality of small holes
through which the developer passes in a direction perpen-
dicular to a direction of transporting the developer and
controlling passage of the developer through the small holes
in response to an externally applied image signal; and image
receiving means to which the developer passed through the
small holes sticks, wherein a vibrating member 1s rigidly
attached to a side portion of the base member of the
developer passing control means 1n a direction of arranging
the small holes, ultrasonic vibration generating means for
ogenerating ultrasonic vibration i1s provided, the ultrasonic
vibration means and the vibrating member are coupled by
coupling means allowing relative displacement between
them and transmitting ultrasonic vibration.

6. The 1mage forming apparatus according to claim 35,
wherein vibrating member 1s provided with a coupling
portion integrally extending toward the ultrasonic vibration
generating means at one end, the coupling plate portion has
its tip end secured to the ultrasonic vibration generating
means and the coupling plate portion 1s provided with a
width-reduced portion.
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7. The 1mage forming apparatus according to claim 35,
wherein the vibrating member 1s provided with a coupling
plate portion integrally extending toward the ultrasonic
vibration generating means at one end, the coupling plate
portion has 1ts tip end secured to the ultrasonic vibration
generating means and the coupling plate portion 1s provided
with a bent portion.

8. The 1image forming apparatus according to claim 35,
wherein the vibrating member has a coupling plate portion
integrally extending toward the ultrasonic vibration gener-
ating means at one end, the coupling plate portion has its tip
end secured to the ultrasonic vibration generating means,
and the coupling plate portion 1s provided with a U-shaped
portion.

9. The 1mage forming apparatus according to claim 3§,
wherein the developer passing control means has one end of
the base member on an upstream side 1n the developer
transporting direction secured, and the other end coupled to
extension means, and the developer carrying means and the
developer passing control means are partly 1n direct or
indirect contact to set a gap between them.

10. The 1mage forming apparatus according to claim 9,
wherein the vibrating member 1s provided 1n a position on a
downstream side of a position of arranging a small hole row
in the developer passing control means in the direction of
transporting the developer, and the base member of the
developer passing control means 1s bent by the vibrating
member.

11. An 1image forming apparatus, comprising: developer
carrying means for carrying and transporting a charged
developer; developer passing control means having a base
member provided with a row of a plurality of small holes
through which the developer passes 1 a direction perpen-
dicular to a direction of transporting the developer and
controlling passage of the developer through the small holes
in response to an externally applied image signal; and image
receiving means to which the developer passed through the
small holes sticks, wherein a vibrating member 1s rigidly
attached to a side portion of the base member of the
developer passing control means 1n a direction of arranging
the small holes, ultrasonic vibration generating means for
generating ultrasonic vibration 1s provided, the vibrating
member and the ultrasonic vibration generating means are
rigidly coupled, and the ultrasonic vibration generating
means 1s supported 1n a displaceable manner.

12. The image forming apparatus according to claim 5 or
11, wherein the developer passing control means has one end
of the base member secured on a downstream side in the
direction of transporting the developer and the other end
coupled to extension means, and the developer carrying
means and the developer passing control means are partly in
direct or indirect contact to set the gap between them.

13. The image forming apparatus according to claim 5 or
11, wherein the vibrating members 1s provided on the
developer passing control means on an opposite side of a
position where the developer carrying means and the devel-
oper passing control means are partly 1n direct or indirect
contact 1n the direction of transporting the developer with
reference to a small hole row.

14. The 1mage forming apparatus according to claim 11,
wherein the vibrating member 1s supported rotatably around
its axial center, and the ultrasonic vibration generating
means 1s supported pivotally around the same axis.

15. An 1mage forming apparatus, comprising: developer
carrying means carrying and transporting a charged devel-
oper; developer passing control means having a base mem-
ber provided with a row of a plurality of small holes through
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which the developer passes in a direction perpendicular to a
direction of transporting the developer and controlling pas-
sage of the developer through the small holes 1n response to
an externally applied image signal; and 1mage receiving
means to which the developer passed through the small
holes sticks, wherein a vibrating member 1s rigidly attached
to a side portion of the base member of the developer
passing control means in a direction of arranging the small
holes, the vibrating member 1s supported rotatably around its
axial center, ultrasonic vibration generating means for gen-
erating ultrasonic vibration 1s provided, a coupling vibrating
member rigidly coupled to the ultrasonic vibration generat-
ing means and the vibrating member are coupled 1 a
relatively rotatable manner.

16. The image forming apparatus according to claim 15,
wherein the developer passing control means has the base
member having one end, on 1ts upstream side in the direction
of transporting the developer, secured and the other end
coupled to extension means, and the base member of the
developer passing control means 1s bent by the vibrating
member.

17. An 1mage forming apparatus, comprising: developer
carrying means carrying and transporting a charged devel-
oper; developer passing control means having a base mem-
ber provided with a row of a plurality of small holes through
which the developer passes in a direction perpendicular to a
direction of transporting the developer and controlling pas-
sage of the developer through the small holes 1n response to
an externally applied image signal; 1mage receiving means
to which the developer passed through the small holes
sticks; and ultrasonic cleaning means for providing ultra-
sonic vibration to the developer passing control means,
thereby cleaning the small holes, wherein a seal blade is
attached at a developer storing container wall or at a case
wall storing a developer storing container, said seal blade
having a tip end 1n contact with an inner surface 1n a position
on an opposite side of a position where the developer
carrying means and the developer passing control means are
in direct or indirect contact in the direction of transporting
the developer with reference to a small hole row 1n the
developer passing control means.

18. An 1mage forming apparatus, comprising: developer
carrying means for carrying and transporting a charged
developer; developer passing control means having a base
member provided with a row of a plurality of small holes 1n
a direction perpendicular to a direction of transporting the
developer through which the developer passes and control-
ling passage of the developer through the small holes in
response to an externally applied image signal;, 1mage
receiving means to which the developer passed through the
small holes sticks; and a back surface electrode supporting
the 1mage receiving means and provided with a prescribed
voltage for forming an electric field between the developer
carrying means and 1itself to let the developer fly, wherein a
developer supply unit 1s composed by 1ntegrating the devel-
oper carrylng means and a storing container storing the
developer, and at least one end of the developer passing
control means being positioned and secured to a box mem-
ber having the developer supply unit provided 1n a detach-
able manner.

19. The 1image forming apparatus according to claim 18,
wherein one end of the developer passing control means 1s
positioned and secured to the box member, and the other end
of the developer passing control means 1s coupled to exten-
s10n means.

20. The 1image forming apparatus according to claim 19,
wherein second spacer means 1s provided on an inner side of
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the developer passing control means, said second spacer
means abutting against the developer carrying means when
the developer supply unit 1s mounted to the box member.

21. The 1image forming apparatus according to claim 20,
wherein the developer passing control means abuts through
the second spacer means or directly against the developer
carrying means when the developer supply unit 1s mounted
to the box member, so that the developer passing control
means 1s moved and the extension means 1s displaced.

22. The image forming apparatus according to claim 20,
wherein, when the developer supply unit 1s mounted to the
box member, the developer carrying means 1s 1n abutment in
a position apart from a side edge of the upper surface of the
second spacer means.

23. The 1image forming apparatus according to claim 19,
wherein the developer passing control means has one end
detachably secured to the box member.

24. The 1mage forming apparatus according to claim 18,
wherein a guide shaft 1s provided to project at both ends of
the developer supply unit, a guide groove with which the
cuide shaft engages when the developer supply unit is
inserted to the box member 1s provided, and the engagement
of the guide shaft and the guide groove positions a small
hole row 1n the developer passing control means and the
developer carrying means in a plane direction perpendicular
to a far-near direction of its axial center.

25. The 1image forming apparatus according to claim 18,
wherein the developer supply unit i1s provided with first
spacer means for abutting against the back surface electrode
and restricting the distance between the developer carrying
means and the back surface electrode when the unit 1s
mounted to the box member.

26. The 1mage forming apparatus according to claim 25 or
20, further comprising means for pressing and urging the
developer supply unit toward the back surface electrode and
the developer passing control means as the developer supply
unit 1s mounted.

27. The 1image forming apparatus according to claim 18,
wherein the developer supply unit has a protection cover for
covering an exposed part of the developer carrying means
when 1t 1s not mounted.

28. The 1image forming apparatus according to claim 18,
wherein the box member 1s detachably provided to a main
body case.

29. The 1image forming apparatus according to claim 28,
wherein the box member 1s detachably provided to the main
body case so as to be positioned with respect to the back
surface electrode.

30. The image forming apparatus according to claim 28,
further comprising a plurality of back surface electrodes, a
plurality of box members being detachably provided to the
main body case so as to be each independently positioned
with respect to an opposing back surface electrode.

31. The 1image forming apparatus according to claim 18,
wherein a mounting portion for a plurality of developer
supply units and the developer passing control means are
provided parallel to each other at the box member.

32. The image forming apparatus according to claim 31,
wherein the developer passing control means are secured so
that they can be each independently positioned.
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33. The 1image forming apparatus according to claim 32,
wherein the developer passing control means 1s positioned at
the box member so that the small hole rows 1n the developer
passing control means are parallel to each other.

34. The image forming apparatus according to claim 31,
wherein, when a plurality of developer supply units are
mounted to the box member, a first spacer provided at each
developer supply unit abuts against an opposing back sur-
face electrode, so that the distance between the developer
carrying means and the back surface electrode 1s indepen-
dently restricted with respect to the opposing back surface
clectrode for each developer supply unit.

35. A method of manufacturing an i1mage forming
apparatus, said apparatus comprising: developer carrying
means for carrying and transporting a charged developer;
and developer passing control means having a base member
provided with a row of a plurality of small holes through
which the developer passes in a direction perpendicular to a
direction of transporting the developer and controlling pas-
sage of the developer through the small holes 1n response to
an externally applied image signal, a developer carrier being,
detachably mounted to a box member, the developer passing
control means having one end secured to the box member
and the other end coupled to an extension member, said
method comprising the steps of: positioning and securing the
box member temporarily provided with the developer pass-
ing control means 1n a prescribed position; mounting the
developer carrying means or a dummy thereof 1n a pre-
scribed position of the box member; holding one end of the
developer passing control means against an urging force of
the extension member while recognizing the position of a
small hole row, and adjusting the position of the small hole
row to be 1n a prescribed position; and securing one end of
the developer passing control means to the box member.

36. A device for manufacturing an i1mage forming
apparatus, said image forming apparatus comprising: devel-
oper carrying means for carrying and transporting a charged
developer; and developer passing control means having a
base member provided with a row of a plurality of holes
through which the developer passes in a direction perpen-
dicular to a direction of transporting the developer and
controlling passage of the developer through the small holes
in response to an externally applied image signal, a devel-
oper carrier being detachably mounted to the box member,
the developer passing control means having one end secured
to the box member and the other end coupled to an extension
member, said manufacturing device including: means for
positioning and securing the box member 1n a prescribed
position; means for mounting the developer carrying means
or a dummy thereof 1n a prescribed position of the box
member; means for recognizing the position of a small hole
row; means for holding one end of the developer passing
control means and performing positional adjustment; and
means for securing one end of the developer passing control
means to the box member.
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